The present analysis deals with flow and heat transfer aspects of a micropolar nanofluid between two horizontal parallel plates in a rotating system. The governing partial differential equations for momentum, energy, micro rotation and nano-particles concentration are presented. Similarity transformations are utilized to convert the system of partial differential equations into system of ordinary differential equations. The reduced equations are solved analytically with the help of optimal homotopy analysis method (OHAM). Analytical solutions for velocity, temperature, micro-rotation and concentration profiles are expressed graphically against various emerging physical parameters. Physical quantities of interest such as skin friction co-efficient, local heat and local mass fluxes are also computed both analytically and numerically through mid-point integration scheme. It is found that both the solutions are in excellent agreement. Local skin friction coefficient is found to be higher for the case of strong concentration i.e. n=0, as compared to the case of weak concentration n=0.50. Influence of strong and weak concentration on Nusselt and Sherwood number appear to be similar in a quantitative sense.
Introduction
The idea of micropolar fluid was introduced by Eringen [1] [2] . This idea is a substantial generalization of the classical Navier Stokes model to discuss certain complex fluids. This particular class of fluids consists of rigid, randomly oriented spherical particles with microstructures such as liquid crystals, colloidal fluids, polymeric suspensions, hematological suspensions and animal blood etc. Extensive uses of micropolar fluid theory are given in the books of Lukaszewicz [3] and Eringen [4] . Bhargava et al [5] presented finite element solutions for mixed convective micropolar flow driven by a porous stretching sheet. Later on, Takhar et al [6] highlighted free convection MHD micropolar fluid flow between two porous vertical plates and perceived that velocity decreases with an increase in Hartman number. Stagnation point flow of a micropolar fluid towards a stretching sheet was investigated by Nazar et al [7] . Ziabakhsh et al [8] presented Homotopy analysis solutions of micropolar flow in a porous channel with heat and mass transfer. Similarly, Ishak et al [9] considered magnetohydrodynamic flow of micropolar fluid towards a stagnation point on a vertical surface. Joneidi et al [10] inspected behavior of micropolar flow in a porous channel with high mass transfer. Influence of chemical reaction and thermal radiation on MHD micropolar flow over a vertical moving porous plate in a porous medium with heat generation was discussed by Mohamed et al [11] who found that the translational velocity across the boundary layer and the magnitude of micro rotation at the wall decreased with an increase in magnetic field and Prandtl number. Some noteworthy studies on micropolar fluids with certain physical constraints can be found in [12] [13] [14] [15] [16] .
In the last few decades nanofluids have proved to be extremely promising heat transfer agents in modern day industry and in numerous engineering applications of global interest like biomedical, optical and electronic fields. Choi [17] initiated the astonishing idea of nanofluids. Later numerous researchers and scientists investigated various real life flow problems under the influence of nanofluids. Buongiorno [18] presented a novel study on describing flow and heat transfer mechanisms of nanofluids. Similarly Nield et al [19] discussed natural convective boundary-layer flow of a nanofluid past a vertical plate and observed that the reduced Nusselt number is a decreasing function of thermophoresis and Brownian motion parameter. Nadeem et al [20] presented the optimized analytical solution for oblique flow of a Casson nanofluid with convective boundary conditions. They found that nanoparticle concentration is an increasing function of stretching parameter and Brownian motion while it is a decreasing function of thermophoresis, Biot number and non-Newtonian (Casson) parameter. Ganji et al [21] conducted a valuable study on heat transfer of Cu-Water nanofluid flow between parallel plates and concluded that heat flux at the surface has a direct relationship with nanoparticle volume fraction. Ganji et al [22] discussed simulation of MHD Cuo-Water nanofluid flow and convective heat transfer under the influence of Lorentz forces. Some notable studies on the topic can be found in [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
The main goal of the present study is to discuss hydromagnetic flow of a micropolar nanofluid between parallel plates. Optimal homotopy analysis method proposed by Liao [24] [25] is utilized to obtain graphical results against embedding physical parameters. Numerical values for skin friction, Nusselt and Sherwood numbers are obtained through OHAM and also numerically through mid-point integration scheme [26] [27] . It would be obligatory to mention that mid-point integration scheme is used to verify our obtained analytical results. It is found that both the results are in a very good agreement with each other.
Mathematical Formulation
Consider steady incompressible 3D flow of an electrically conducting micropolar nanofluid between two horizontal parallel plates. Both the fluid and the plates rotate together around the yaxis with a constant angular velocity O. The x and y − axes are taken along and perpendicular to the plate respectively while the z − axis is taken normal to the xy plane. The plates are placed at y = 0 and y = h. The lower plate is being stretched by two equal and opposite forces so that the position of the point (0,0,0) remains unchanged. A uniform magnetic flux with density B 0 acts along the y-axis. The upper plate is subject to constant wall suction velocity v 0 (< 0) or constant wall injection velocity v 0 (> 0) respectively as shown in Fig 1. The governing equations of the flow problem can be stated as [5] [6] [7] [8] [9] [10] [11] 18 ]
The appropriate boundary conditions are
where u, v and w are the velocity components along the x, y, z -directions respectively while u = ax shows that lower plate is stretching.ρ is the density, ϑ is the kinematic viscosity, k concentration and n is the boundary parameter. The case n = 0 represents strong concentration, n = 0.5 indicates weak concentration and vanishing of the antisymmetric part of the stress tensor and n = 1 represents turbulent flow. Spin gradient viscosity γ is defined as
Using transformations u ¼ axf 0 ðZÞ; v ¼ Àahf ðZÞ; w ¼ axgðZÞ;
Eq (1) is identically satisfied while Eqs. (2)- (7), in dimensionless form are given by 
where primes denote differentiation with respect to η. N 1 is the coupling parameter, N 2 is the spin-gradient viscosity parameter, R is the Reynold number, M is the magnetic parameter, Kr is the rotation parameter, Pr is the Prandtl number, Sc is the Schmidt number, N b is the Brownian motion parameter and N t is the thermophoresis parameter which are defined by
The skin friction coefficient C f , Nusselt number Nu and Sherwood number Sh are defined as
where
The dimensionless forms of skin friction coefficient C^f ; Nusselt number Nu and Sherwood number Sh are
Method of Solution
Optimal HAM Solution
The governing system of coupled ordinary differential Eqs (10)- (14) is nonlinear and extremely complicated in nature. These equations are solved analytically by optimal homotopy analysis method (OHAM). Following Liao [24] [25] we know that f(η), g(η), θ(η), G(η) and ϕ(η) can be expressed by a set of a certain type of exponential base functions
in the forms 
We select the auxiliary linear operators as
The above linear operators have the following properties
Where C 0 − C 11 are arbitrary constants. The zeroth order homotopic deformation equations can be written as 
By means of Taylor's series 
The auxiliary converging parameters are chosen in such a way that the series (50) converges when p = 1. Thus we have
f m ðZÞ; ð51Þ
The resulting mth -order deformation equations are (56)- (60) can be written as we utilize the concept of minimization by defining the average squared residual errors as introduced by [24] . where E t m is total averaged squared residual error, δη = 0.5, k = 20. Total and individual averaged squared residual errors are computed using N 1 = N 2 = N 3 = 0.10, R = 0.20, n = 0.50, M = 0.10 = Kr = Nt = Nb = λ, Pr = 1 = Sc. By means of computational software Mathematica we obtained the total and individual average squared residual errors at various order of iterations using highly efficient Mathematica package BVPh2. 0 which can be found at http:// numericaltank.sjtu.edu.cn/BVPh2_0.htm. The basic idea is to minimize the total average squared residuals and determining the corresponding local optimal convergence control parameters. For this purpose, Tables 1 and 2 are prepared for the case of various optimal convergence control parameters. Table 1 gives the minimum value of total averaged squared residual error at several order of iterations while Table 2 is presented for the individual average squared residual error at different orders of approximations using the optimal values from Table 1 at m = 6. It is quite obvious from these two tables that the averaged squared residual errors and total averaged squared residual errors continue decreasing as we increase the order of approximation. So, Optimal Homotopy Analysis Method is an extremely effective tool in obtaining convergent series solutions for highly nonlinear systems of differential equations. 
Numerical Solution
Despite OHAM, the governing system of Eqs (10)- (14) is also solved numerically using midpoint integration as a basic scheme and Richardson extrapolation as an enhancement scheme with highly efficient computational software Maple as used by several other authors [26] [27] [28] [29] [30] This scheme works by transforming the governing system of nonlinear higher order differential equations into a system of first order ordinary differential equations which are then solved using iterative schemes through midpoint integration as it belongs to the class of higher order Runge-Kutta methods. A mesh size of Δh = 0.001 was set for a convergence criterion of 10 −6 in our computations. Our computed numerical results are in very good agreement with analytical results obtained by optimal homotopy analysis method. We are thus confident that our applied numerical algorithm is up to the mark.
Results and Discussion
The aim here is to discuss the behavior of velocity, temperature, micro rotation and concentration profiles against emerging physical parameters in our flow problem. Figs 2-25 are plotted Fig 14) . Influence of Hartman number M and Reynolds number R on the micro rotation profile G(η) is found to be similar from Figs 15 and 16. Both these parameters enhance the micro ration profile G(η) between the parallel plates. (Fig 19) , while it decreases with increasing Reynolds number R (Fig 20) . Physical quantities of interest such as skin friction co-efficient, Nusselt and Sherwood number are computed through Tables 3-5. Table 3 examines the influence of embedding parameters such as N 1 , N 3 , M, Kr and R on skin friction coefficient. All these parameters have a positive influence on skin friction at the lower plate but it is interesting to mention here that Table 3 . Numerical values of skin friction at the wall when N 2 = 1.0. 
Concluding Remarks
Hydromagnetic flow of micropolar nanofluid between two horizontal parallel plates in a rotating system has been investigated numerically as well as analytically using optimal HAM. The core outcomes of the study can be enlisted as
• The effects of coupling parameter N 1 and Hartman number M on velocity profile f 0 (η) are found to be opposite compared to viscosity parameter N 2 and rotation parameter Kr.
• Influence of magnetic field M and coupling parameter N 1 on transverse velocity g(η) are opposing each other. Moreover it is observed that increasing the porosity parameter λ leads to an increase in the transverse velocity g(η).
• It is observed that temperature profile θ(η) enhances for large values of Prandtl number Pr, thermophoresis parameter Nt and Brownian motion parameter Nb for the case of strong concentration (n = 0). • Micro rotation profile G(η) raises with coupling parameter N 1, magnetic field parameter M and Reynolds number R for strong concentration i.e. when n = 0.
• Increasing the thermophoresis parameter Nt and Brownian motion parameter Nb results in a contrary behavior on concentration profile ϕ(η).
• Skin friction at the lower plate tends to increase with magnetic field parameter M, rotation parameter Kr and Reynolds number R. This behavior is found to be more prominent for the case of strong concentration i.e. (n = 0) compared to the weak concentration (n = 0.5).
• Heat flux -θ 0 (0) at the lower plate drops with Increasing thermophoresis parameter Nt and Brownian motion parameter Nb while on the other hand mass flux -ϕ 0 (0) responds in an opposite manner against these two parameters.
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